ABSTRACT. This paper presents an optimal electrical system expansion planning for the Electrical Eastern Region (EER), Saudi Arabia. The load demand forecast is presented. The load duration curve has been determined. The existing and committed generation system has been obtained. By using screening curve, the most appropriate candidate units for expansion planning have been chosen. The optimal generation expansion has been established, as well as the loss of load probability.
Introduction
Under the Ministry of Industry and Electricity, the Electricity Corporation has the responsibility for coordination and supervision of development of electrical industry throughout the Kingdom of Saudi Arabia. As far as the electricity sector is concerned, the Kingdom of Saudi Arabia is divided into five geographical regions, namely Eastern, Western, Northern, Southern and Central regions. In each region, several electrical companies and government projects are combined in one company called The Saudi Consolidated Electrical Company (SCECO). One of these companies is the SCECO East, which is responsible for the generation, transmission, and distribution of electricity in the Electrical Eastern Region (EER) of the Kingdom [1] [2] .
From the demand point of view, there are several sectors consuming electricity, such as industrial, residential, commercial and governmental sectors. The industrial sector consumes about 60% of the total generated electricity.
In the Eastern Region, there is an interconnected system as well as an isolated system. The interconnected grid feeds the major load centers, whereas the isolated system represents a small part of the total load. As an example, in 1993 the peak load of the Eastern Region was 5479 MW, while the total net generation was 8713 MW. The power generated by the interconnected system was 7063 MW, and the electricity generated by the Saline Water Conversion Corporation was 1615 MW, while that generated by the isolated system was only 35 MW .
Regarding electric generation capacity expansion planning programs, there are several computer programs as well as packages. These packages are :
Wien Automatic System Planning Package (WASP)
The WASP was originally developed in the USA by the Tennessee Valley Authority and Oak Ridge National Laboratory. It is the most frequently used and best proven program for electric capacity expansion analysis in the public domain. The most updated version is known as WASP III [3] .
In the production simulation of WASP, a one-year period is divided into at most 12 sub-periods, for each of which probabilistic simulation is applied. Equivalent load duration curves in the probabilistic simulation are expanded using Fourier series. The decision of the optimum expansion plan is made by forward dynamic programming. The investigation specifies the number of units for each candidate solution, and specifications that may constrain the solution. If the solution is limited by any such constraints, the input parameters can be adjusted and the model re-run. The dynamic programming optimization is repeated until the optimum solution is found [4, 5] .
Optimized Generating Planning Program (OGP)
The OGP was developed by the General Electric Company with LOLP as a reliability criterion, using the capacity table method. Production cost was calculated by using predicted average week day and weekend day hourly loads [6] .
The Electric Generating Expansion Analysis System (EGEAS)
The EGEAS computer model was developed by the Electric Power Research Institute. EGEAS can be run in both the expansion optimization and production simulation models. Uncertainty analysis, based on automatic sensitivity analysis and data collapsing via description of function estimation is also available [7] .
The National Investment Model (NIM)
The NIM was developed by Electric de France to assist in electric system planning. The basic aim of the NIM is to help in the choice of thermal generating facilities investments and to draw a picture of the possible trend of the national electric generating system in the future.
Over-Under Model
The primary objective of the model is to estimate the levelized consumer cost versus the reserve margin requirement. A unique aspect of this model is the consideration of uncertainty for future demand [8] .
Scope
The scope is a long range capacity planning analysis program using minimal basic language. It is operated interactively by the user. The program presents the capacity and the type of each candidate technology that meets the load demand to the user, who then chooses interactively, which candidate to evaluate further [9] .
The Autonomous System Planning Package (ASP)
The ASP determines the optimal expansion plan of an autonomous generating system including diesel units, wind generators, and photovoltaic generators. The package finds the optimal system expansion policy for a period of N years. The solution algorithms implemented in the package recognize planning and operational constraints and take into consideration the stochastic nature of meteorological conditions, loads, and availability of diesel units [10] [11] [12] .
The objective of this work is to develop an optimal electrical generation expansion planning for the Electrical Eastern Region in order to generate electricity, which supplies the loads in accordance with the future load demands. This paper will be organized as follows: The next section will discuss load demand forcast, load duration curve, fuel prices and availability, and the existing and committed power system. Section three will discuss the results; and section four will present the conclusions.
Methodology
In order to develop an optimal generation plan, certain factors have to be taken in consideration. First, the fuel prices and its availability. Second, the package which will be used to obtain the anticipated results. Third, the load demand forecast during the study period, the load duration curve for different seasons as well as the load factors. Fourth, the existing and committed units. Finally, the screening curve which will give an idea for appropriate units for generation expansion.
Fuel Prices and Availability
The fuel availability data is based on the information obtained from Saudi Aramco. Basically natural gas will be available to meet energy requirements for the Eastern Region. However, generating plants should be designed to use crude oil as a backup fuel. The basic fuel prices used for this study are summarized in Table 1 . 
Load Demand Forecast
The SCECO East contributes about forty percent of the national sales, while the number of customers represents about 15% of the total national customers. Since the industrial sector is located in the Eastern Region, including Saudi Aramco, Jubail complex and the petrochemical industries, hence, the main consumer is the industrial sector. The average industrial consumption per customer has recorded high increase during the recent years [13] . The load demand is expected to increase, since a new oil field has been commissioned, more industrial compounds have been established, and the dependence on electrical appliances is ever increasing.
The average annual growth rate is four percent. The load demand forecast for the Eastern Region and the annual peak load are shown in Fig. 1 . In addition, it shows that the load demand will increase from 7416 MW in 1997 to 11731 MW in the year 2008.
Load Duration Curve
It is very important to have a description of how many hours of a given period, loads will have a certain value. One common way is to use the load duration curves. The load duration curve shows the cumulative frequency distribution of the system load. It represents graphically how much energy is supplied to the various levels of the system load. The distribution of the loads as shown by load duration curves gives the planner vital information for determining the proper mix of base, intermediate, and peak capacity. It also helps to determine the cost of the facility to meet load demands [14] . In the Eastern Region, the monthly variations of the peak load can be divided into two periods, summer and winter. During winter, the monthly peak average ranges from 65% to 72% of the annual peak. The load duration curves are shown in Fig. 2 & 3 . It was noticed that the monthly load factors are quite high, since the main customers are the industrial sectors, such as Saudi Aramco, Jubail complex, and the petrochemical industries, as they operate day and night. During the summer period the load factor ranges from 80% to 92%, while in winter time the load factor ranges from 85% to 89%. The annual load factor is about 73% [15] . 
Existing & Committed Power Systems
The existing power generation plants in the Eastern Region consist of two steam turbine power plants, and eight gas turbine power plants, with a total capacity of 7173 MW. The number of units in each steam turbine plant is four units, with a total capacity of 4000 MW. Each gas turbine plant consists of eight units with a total capacity of 3173 MW [16] . Table 2 shows the characteristics of the existing generation units, namely the rating capacity of each unit, the heat rate, the maintenance (days per year), domestic fuel cost, and both fixed and variable operating and maintenance costs. 
Screening Curve
The screening curve methods combine simplified representation of generation costs and system load projection. One of the advantages of screening curve is to give an optimum mix of generating technologies. The basic approach is to construct cost curves for each technology and then to match the points of intersection with corresponding load points to determine the most cost effective. The technique plays major trade offs between capital cost, operating costs, and level of use for various types of generating capacity in a system.
Results

Candidate Units for Generation Expansion
Based on the decision made using the screening curve as shown in Fig. 4 , the system candidates contain 600 MW and 300 MW steam turbines, and 100 MW and 50 MW gas turbines. Fig. (4) Tables 3 & 4 list the four candidates' characteristics with detailed description about each candidate's capital cost, discount rate, fixed operating cost and variable cost, fuel cost, and annual average heat rate. 
The Optimal Generation Expansion
The economically attractive options were fed into the WASP III dynamic optimization model in order to screen out the numerous generation expansion options. The least cost development scenario is given in Fig. 5 . Table 5 shows the optimal generation candidates. The total required generation through the coming twelve years is 6600 MW. The solution consists of addition of 6 units of 600 MW steam turbines, 8 units of 300 MW steam turbines, 5 units of 100 MW gas turbines, and 10 units of 50 MW gas turbines. Tables 6-8 present the annual load loss indices (or indexes). 
Conclusion
From this study, it is clear that the electricity generation options available are steam turbines and gas turbines. During the planning period 1997-2008, demand on electricity will increase, and to meet this demand 6 × 600 MW steam turbines, 5 × 300 MW, 8 × 100 gas turbines, and 10 × 50 MW gas turbines should be added. These generation additions allow the retirement of some of the existing system units during the period up to the year 1998 (Table 9 ). In addition to the generation committed, the following generation is required:
Since, the LOLP in the year 1999 (Table 6 ) is quite high, hence an additional generator should be included in the expansion planning. In the year 2005 (Table  8) , the LOLP is high, and hence an addition to the expansion planning for that year is required [17] .
